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Abstract 
Investment in education and training is an essential support for socio-economic development, especially in countries where the 
level of human capital contributes to the strengthening of the virtuous process of economic growth. In this context,  the complex 
multi-faceted ICT refers to an important productivity tool as well as to a source of new knowledge. However, it is important to 
underline, on one hand, the close relationship between the average level of education and the training of the population, and, on 
the other hand, the dissemination of new technologies. Indeed, it is necessary to highlight, as we propose in our study, the 
relationship between the variables relating to education and investments, and those referring to ICT field. In fact, the link 
connecting technology and education is currently supported not only by the dynamics of learning by doing, which enhance the 
same processes of learning, but also by the empirical evidence that an inadequately educated work force could not effectively 
take advantage of high technologies at all. By analyzing European cross-country differences we study the influence of education 
level with regard to some selected variables, using a multivariate investigation approach. Moreover, given the particular 
articulation of the research field observed, we have made use of factor analysis in order to compress the redundancy of 
information and prevent the occurrence of multicollinearity. Once we have extracted enough information from our datasets we 
carry out a regression analysis and tests of randomness on the residual component of the phenomenon. We group the countries 
having uniformity in education, and then we focus attention on the realities which have a low education level, and which gather 
critical elements of policy. Finally, we can prove the usefulness of the dissemination and application of modern technology to 
education and training processes thanks to the relationship between the process of education and the adoption of ICT which are 
essential for the competitiveness and the long run development of the European countries analyzed whose economy is based on 
advanced knowledge and highly trained human capital. 
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1. Introduction and related literature 
In countries with advanced and highly specialized economic system is necessary to have a large working population 
with high intellectual ability and, therefore, a high degree of training, which also translates into higher productivity. 
These countries are usually those that invest more in human capital, moreover by deploying advanced and efficient 
training tools, supported by rising investment in both public and private (Krueger and Lindahl, 2001). In this regard, 
we  must  consider  also  that  these  countries  are  as  well  investing  more  in  R&D,  and  thus  they  have  the  most  
innovative technologies, such as those of information and communication. In this advanced socio-economic 
perspective, the living and working environments are characterized by rapid and continuous dissemination of 
information, a condition which require a constant updating of all players belonging to those communities. This work 
focuses on the relations between ICT and education levels, and investigates the many existing links with a cross-
country analysis. It is believed that only thanks to deep and widespread knowledge it is possible to create new 
technologies and new techniques, such as those which characterize the current scenarios beyond the contemporary 
production possibility frontier. At the same time, these technologies are essential to allow an adequate economic 
growth, especially an efficient development of the national human capital. We intend to take advantage of the 
opportunity for a wide segment of the population by specific training plans, in some cases for a long period of his 
life, including continuing vocational training, as with life-long learning. In many of the so-called Western countries, 
we find the presence of advanced training programs, which contribute greatly to the dissemination of theoretical and 
applied knowledge, allowing the opportunity in certain cases, such as for enterprises, to focus more on investments 
in intangible capital to be used in manufacturing and/or scientific research and technology activities. Part of the 
specific literature on the subject of income inequality refers to those cases where high inequality means in particular 
greater financial resources concentrated mainly in those agents with higher marginal propensity to save, defined 
entrepreneurs, who will use these funds to make investments that support economic growth (Lewis, 1954; Kaldor, 
1955). It is also necessary to have effective public education programs which ensure the efficiency in processes of 
education and training both basic and advanced, as the families in these cases have a small share of national income 
(see among others, Levine, 1998; Beauchemin, 2001; Adams, 2002; Galor and Moav, 2004; Grossmann, 2008). 
These two types of investment in advanced training programs and new technologies are at least partially linked. In 
fact, new technologies are complementary to the advanced training, being also useful for training activity in itself, to 
be used afterward by people who have acquired adequate skills. Getting new and advanced technologies lets us a 
virtuous cycle evolution: both for the well-known process of learning by using, and for the opportunity to improve 
the innovation process with this appropriate foundation. Indeed, only a workforce with appropriate knowledge and 
skills is able to efficiently manage the latest technologies, while the latter allows an easy and relatively inexpensive 
opportunity to promote education processes (Tirole, 1989; Andrews, 2004), which will then make advances in 
science and technology. Among the literature on the integration of human capital and new technologies, the 
contribution of Kocak Uslue (2007) on the case of Turkey, shows that in a highly competitive and dynamic national 
ICT technologies should also be implemented in the process of training and updating of teachers. The same 
relationship has been studied by Kim et al. (2008) for Korea, noting ICT literacy education for both students and 
teachers. The link between new technologies and training processes seems therefore highly strong, which are two 
“resources” that must coexist to provide a competitive model for the economically advanced countries, compared 
with new emerging competitors, they cannot now compete in most classical production areas. But new technologies, 
especially ICT, are be widely and, above all, rationally distributed throughout nationwide, in order to enhance the 
well-known virtuous process essential to the long-period development. It is necessary to forecast inclusive policies 
of new technologies for example in public school activities, as well as in the universities, however, knowing that this 
is not sufficient to ensure objective results (Andrews, 2004). The latter author observes that more studies are needed 
to demonstrate a strong positive effect between investment in ICT related to education and the subsequent results in 
educational processes. New technologies are therefore a real productive tool and at the same time, a means to spread 
the knowledge. On the other hand, public and private investments in new technologies must be embedded in the 
socio-economic system, and only the noticed conditions found in some countries with advanced economies allows 
these positive developments. Even in this case, as our analysis shows, there are still differences between nations 
although geographically and economically “close”. Differences persist even within the same countries, as Hohlfeld 
et al. discussed (2008) they observed that, in the United States, not all schools can provide the same technological 
equipment for students, thus excluding the integrations of ICT in their training. Naturally these effects can be found 
Edgardo Bucciarelli et al. / Procedia Social and Behavioral Sciences 9 (2010) 573–578 575
only in those countries which have sustained appropriate investments over the years, accompanied by dissemination 
policies and conscious use of the effects that these investments produced.  
2. Levels of education, training and technology adoption: an empyrical investigation 
We consider education as our dependent variable in terms of percentage of the adult population aged 25 to 64 
participating in education and training activities (education-training), graduates in mathematics, science and 
technology as percentage of all students (graduates-mst), percentage of the population aged 25 to 64 having 
completed at most lower secondary education (lower-secondary), percentage of the population aged 20 to 24 having 
completed at least upper secondary education (upper-secondary). These variables are analyzed conditionally to a set 
of factors regarding the latest technologies available, such as ICT. The explanatory variables are the percentage of 
broadband penetration rate (broadband-penetration), the percentage of individuals who have used a search engine to 
find information (internet-skills), percentage of individuals who have accessed internet on average at least once a 
week (regularly-internet), information technology expenditure as a percentage of GDP (IT-expenditure), percentage 
of level of internet access of households (internet-access). The international source from which the data have been 
collected is the Eurostat dataset for EU countries (2009). The following analysis refers to the influence of the above 
mentioned dependent variables related to the explanatory ones. We then assess the relation existing among the 
different variables by checking the dependence of education from ICT: 
 
Table 1. Results of multivariate regression analysis conducted for the dependent macro variable. 
 
Dependent variables Independent variables education-training graduates-mst lower-secondary upper-secondary 
-10.577*** 27.347*** 50.105*** 73.036*** Constant (-4.245) (-4.347) (12.873) (8.438) 
0.63*** 0.058 2.073*** -1.346*** broadband-penetration (-0.262) (-0.269) (0.796) (0.521) 
0.193 0.56** 0.054 -0.319 internet-skills (-0.266) (-0.272) (0.806) (0.528) 
-0.128 -0.578** -1.544** 0.973** regularly-internet (-0.313) (-0.321) (0.950) (0.623) 
1.633 2.054* -1.324 1.817 IT-expenditure (-1.322) (-1.353) (4.008) (2.627) 
-0.016 -0.102 0.365 -0.115 internet-access (-0.208) (-0.213) (0.632) (0.414) 
R 0.821 0.503 0.637 0.583 
R square 0.674 0.253 0.406 0.340 
 
For each variable we report the value of the parameter analyzed, and its standard error in brackets; the reference 
value is useful for a statistical test on the parameters to assess their significance. The first analysis has been 
performed by evaluating the relationship between the variable “education-training” and the other independent 
variables. The correlation coefficient has obtained a positive value and its tendency to unity confirms a strong direct 
relation between “education-training” and the variables related to the ICT sector. The index of determination of this 
preliminary analysis is good, Because the fit we have got from the theoretical values is better than the one coming 
from the other values observed. With a test for randomness we have verified the correct result of the model having a 
random pattern of residuals. In addition, we have obtained the significance of the model parameters for the variable 
“broadband-penetration” with zero error margin (marked with three asterisks). The significance has been also found 
for the constant in all four multiple regression models performed. The second analysis focuses on the dependence of 
the graduates in mathematics, science and technology as percentage of all students (graduates-mst) to the other 
variables presented. The correlation coefficient in this second case has always found a direct relation between 
“graduate-mst” and the other variables but with less influence as compared to the previous analysis of the 
“education-training”, and the index of determination is not satisfactory for the purposes of the model, it was equal to 
0.253. The significance of the parameters has been found, with a margin of error of 0.01 for the variables called 
“internet-skills” and “regularly-internet”. Finally, for the variable “IT-divergence” the significance occurs at a 0.1 
error. Therefore, in this second analysis the results are lower than those found in the first investigation about the 
variable “education-training”, because the significance of the parameters is weaker than the previous one, and the 
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randomness of the errors is not fully verified, not by chance there is still influence of the “graduates-mst” compared 
to the levels of ICT included in our study. The third analysis was performed by taking the percentage of the 
population aged 25 to 64 having completed at most lower secondary education as a response variable. In this case 
the correlation coefficient has always reported a positive value, and it confirms a direct link between the variable 
“lower-secondary” and the variables belonging to the ICT sector, but still lower than that resulting by the 
“education-training”. Furthermore, the index of determination has been equal to 0.406 and this value represents a 
rather low adaptation of the theoretical data compared to those observed. The variable “broadband-penetration” has 
revealed a significance of its optimal parameter obtaining a zero error margin, while the variable “regularly-internet” 
has reported a significance error of 0.001. The fourth analysis has been performed considering the percentage of the 
population aged 20 to 24 having completed at least upper secondary education. The correlation coefficient has 
reported a positive and intermediate value, result which shows that a direct type of relation quite normal between the 
variables related to ICT and “upper-secondary”. The index of determination has been rather low getting a minimum 
adaptation of the theoretical values than those observed. In fact, we notice a residual still not normally distributed 
due to only to randomness. The significance of the parameters has been optimal in the variable “broadband-
penetration” with a zero error margin, while the variable “regularly-internet” is resulted significant for an error of 
0.001. Overall, we can identify the first analysis conducted as the more satisfactory than the others, because it gives 
a strong direct relationship between education and training and ICT variables. In the following study we perform a 
factor analysis of the explanatory variables introduced, but this type of investigation has been effective for only one 
main component as already sufficient to explain the phenomenon of ICT. As a result we have identified in the 
variable “broadband-penetration” that fundamental in representing the complex phenomenon of ICT as an 
exhaustive summary of the explanatory variables presented. In fact, the information contained in the variable 
“broadband-penetration” is significant with a zero error margin for three of four previously analysis. For this reason, 
we have performed a multivariate analysis considering the final terms of education in “education and training” 
compared to “broadband-penetration”. In this analysis, considering all explanatory variables, we have divided the 
European countries into two groups in order to minimize their distance with the K-Means algorithm showing the 
dissimilarity between the two groups (Bishop et al., 2007). Once we have grouped the countries, we represent their 
level of use and dissemination of the above mentioned new technologies considering the “broadband-penetration” 
related to one of the indicators about the average level of education represented by the education and training. 
Below are the results. 
 
Figure 1. K-means clustering 
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In figure 1 we analyzed the relationship between the level of ICT in terms of “broadband-penetration” in various 
European countries and the importance of the variable “education-training”. The country at the top right is Denmark, 
which is part of the first group, and indicates a situation with high levels of education and training and “broadband-
penetration”. This Scandinavian country has shown a strong direct relations between ICT and education, as high 
levels of ICT are associated with high levels in the education and training. Instead, in a situation somewhat lower 
than in Denmark are countries such as Switzerland, United Kingdom, Luxembourg, the Netherlands, and Finland, 
which confirm appreciable levels of ICT, due to years of specific public and private investments in this regard, 
combined with good levels of education and training. The second group is configured by European countries which 
report both low levels of ICT, and, also because of the lack of these tools, both low levels of education and training. 
Romania and Bulgaria, as part of this group, have reported minimum values referred to ICT and education and 
training. Countries such as Malta, Cyprus, Spain, and Italy are part of the second group as they show low values of 
“broadband-penetration” correlated with low levels in education and training, but unlike other countries belonging 
to the second group they are more similar to the first one obtaining a lower dissimilarity with them. Ultimately in 
these countries there is a greater propensity, which certainly appears to be an objective and a stimulus to the national 
economy, to achieve high levels of ICT and education and training and training. 
3. Concluding remarks  
In our analysis we have looked at the role of new technologies, with particular reference to those of communication 
and information, and we have compared them with the average levels of the education of each country belonging to 
our  European group.  As  it  is  possible  to  learn  from specialized  literature,  the  bases  for  sustained  development  of  
skills, for labour  productivity and, therefore, for a constant support to the general economic growth are given by the 
wise use and the wide diffusion of ICT in all  the aspects and the socio-economic activities of a country. We have 
used Eurostat data (2009) in order to develop a cross-country analysis whose aim is to represent the European 
reality, and, then we have selected a macro variable which is composed of four dependent variables related to 
education and of five explanatory variables referred to the spread and the use of new technologies. The multivariate 
analysis has shown the existence of a direct relation with education. This relation exists especially among the 
variables related to the broadband deployment as well as to the use of the internet; in fact,  most of the other ones 
give positive support to the broaden processes of education and training. The countries of Northern Europe are those 
that reach the highest average levels in the spread of new technologies, and thus their beneficial effects, through 
training paths; for instance, the processes of learning-by-doing or the ones of learning-by-using, support the national 
human capital patterns. In fact, these more advanced economies which need to combine with a highly competent 
workforce, requiring continuous training, with an efficient and modern production technology. In conclusion, it is 
possible to ensure a complex process of growth and a long-term development only by achieving the fullest possible 
integration of new kinds of “capital” such as, above all, the “intellectual capital”. 
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